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Limitations and Disclosures 

These comments summarize work performed to-date and present the findings resulting from that 

work. The findings presented herein are made to a reasonable degree of scientific certainty.  I 

reserve the right to supplement these comments and to expand or modify opinions based on 

review of additional material as it becomes available through any additional work or review of 

additional work performed by others.   

The preparation of these comments was supported by the 3M Company.  3M was not directly 

involved in the preparation of these comments and did not contribute to their content.  I have 

been a consultant to 3M and other industry clients on issues related to perfluoroalkyl and 

polyfluoroalkyl substances. 
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Executive Summary 

The comments herein address the Draft National Toxicology Program (NTP) Monograph on 

Immunotoxicity Associated with Exposure to Perfluorooctanoic Acid (PFOA) or 

Perfluorooctane Sulfonate (PFOS), dated June 6, 2016.  In particular, these comments address 

scientific deficiencies in the hazard classification scheme used by NTP to reach the conclusion 

that PFOA and PFOS are “presumed to be an immune hazard to humans.”  In addition, these 

comments call attention to the inconsistencies and methodological limitations in the human 

epidemiologic literature on the immunotoxicity of PFOA and PFOS; these problems further 

undermine NTP’s conclusion that these substances are “presumed to be an immune hazard to 

humans.”  

The following points are discussed below: 

	 The hazard classification scheme inappropriately gives equal weight to “factors 

decreasing confidence” and “factors increasing confidence.”  A high risk of bias, which 

is directly related to the internal validity of a study, should outweigh all other 

considerations when evaluating the degree of confidence in any scientific study or body 

of scientific evidence. For example, a large relative risk does not compensate for bias 

due to insufficient control for confounding, which can produce a spurious association. 

	 The hazard classification scheme gives undue weight to animal evidence in the absence 

of compelling human evidence.  If the level of confidence in the relevant human 

evidence is low or inadequate, then an agent should be classified as a “suspected” rather 

than a “presumed” human health hazard. 

	 The human epidemiologic evidence on antibody-mediated immune suppression is not 

consistent, contrary to statements by NTP. If, as asserted by NTP, antibody responses 

are expected to vary by vaccine type, then responses to different vaccines should be 

treated as distinct health outcomes.  In light of the dissimilarity of the vaccine types 

tested in published epidemiologic studies and the preponderance of statistically non-

significant associations detected, the available epidemiologic evidence of an effect of 

PFOA or PFOS on the antibody response is inconsistent. 
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	 NTP does not adequately acknowledge the impact of potential confounding on the 

validity and interpretability of the available epidemiologic studies.  Confounding by 

other perfluoralkyl acids, other potential immunotoxicants or their surrogates, or various 

uncontrolled sociodemographic or lifestyle factors is likely, such that any of the 

observed associations with PFOA and PFOS could be spurious.  

	 Decrements in antibody-mediated immunity do not necessarily correspond with an 

increased risk of infectious disease. Moreover, most of the available epidemiologic 

evidence shows no significant association of PFOA or PFOS exposure with infectious 

disease. Therefore, it is unclear whether a decrement in the antibody response 

(especially given the lack of consistency of such an effect) without a corresponding 

increase in infectious disease susceptibility represents an adverse health outcome from a 

clinical and public-health perspective. 

In light of the deficiencies in the hazard classification scheme and the inconsistent, sparse, and 

methodologically limited body of epidemiologic evidence, the classification of PFOA and PFOS 

as “presumed to be an immune hazard to humans” is inappropriate.  Taking into account the 

diminished confidence in studies with a high risk of bias, including confounding, along with the 

inconsistencies and methodological limitations of the body of epidemiologic evidence, PFOA 

and PFOS arguably should be classified as “suspected to be an immune hazard to humans.” 

My curriculum vitae is attached as Appendix A. 
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1. The hazard classification scheme inappropriately gives 
equal weight to “factors decreasing confidence” and 
“factors increasing confidence.”  

NTP assesses the risk of bias in individual studies using a tool1 developed by the NTP Office of 

Health Assessment and Translation (OHAT) to facilitate a standardized, systematic 

consideration of risk of bias across lines of scientific evidence (Table 3 of the Draft 

Monograph). Risk-of-bias questions are as follows: 

1.	 Was administered dose or exposure level adequately randomized? (relevant to 

experimental animal studies, in vitro experimental studies, and human controlled trials) 

2.	 Was allocation to study groups adequately concealed? (relevant to experimental animal 

studies, in vitro experimental studies, and human controlled trials) 

3.	 Did selection of study participants result in the appropriate comparison group? (relevant 

to cohort, case-control, and cross-sectional studies) 

4.	 Did study design or analysis account for important confounding and modifying 

variables? (relevant to cohort, case-control, and cross-sectional studies and case series) 

5.	 Were experimental conditions identical across study groups? (relevant to experimental 

animal studies and in vitro experimental studies) 

6.	 Were research personnel blinded to the study group during the study? (relevant to 

experimental animal studies, in vitro experimental studies, and human controlled trials) 

7.	 Were outcome data complete without attrition or exclusion from analysis? (relevant to 

experimental animal studies, in vitro experimental studies, human controlled trials, and 

cohort, case-control, and cross-sectional studies) 

8.	 Can we be confident in the exposure characterization? (relevant to all studies) 

9.	 Can we be confident in the outcome assessment (including blinding of outcome
 

assessors)? (relevant to all studies)
 

10. Were all measured outcomes reported? (relevant to all studies) 

11. Were there no other potential threats to internal validity? (relevant to all studies) 

https://ntp.niehs.nih.gov/ntp/ohat/pubs/riskofbiastool_508.pdf 
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Answers to these questions are used to classify studies as having “definitely low risk of bias” 

where there is direct evidence of low risk-of-bias practices; “probably low risk of bias” where 

there is indirect evidence of low risk-of-bias practices or it is deemed that deviations from low 

risk-of-bias practices for these criteria during the study would not appreciably bias results, 

including consideration of direction and magnitude of bias; “probably high risk of bias” where 

there is indirect evidence of high risk-of-bias practices or there is insufficient information 

provided about relevant risk-of-bias practices; or “definitely high risk of bias” where there is 

direct evidence of high risk-of-bias practices (Table 4 of the Draft Monograph). 

Risk of bias is directly related to the internal validity of a study—that is, whether an observed 

association between an exposure and an outcome in a study is likely to be credible or spurious.  

In the presence of a high risk of bias, the results of a given study cannot be relied upon as being 

valid. Consequently, if studies in a given scientific line of evidence are rated overall as having a 

high risk of bias, then their collective results cannot be trusted; in other words, a high risk of 

bias across a body of evidence renders that evidence essentially uninformative.  

Given the central importance of validity in the consideration of any body of evidence, NTP’s 

confidence rating scale (Figure 2 of the Draft Monograph; NTP 2015, Step 5), which apparently 

gives equal weighting to factors decreasing confidence (risk of bias, unexplained inconsistency, 

indirectness, imprecision, and publication bias) and factors increasing confidence (large 

magnitude of effect, dose response, residual confounding, consistency, and other factors such as 

particularly rare outcomes), is inappropriate. Risk of bias, that is, scientific validity, should 

outweigh any other considerations in determining the degree of confidence in a body of 

scientific evidence. In the absence of scientific validity, none of the other factors considered as 

increasing or decreasing confidence are relevant: 

	 Consistent findings across animal models or species, across dissimilar populations, or 

across study design types may well be due to similar biases operating in multiple 

scenarios, whereas “unexplained inconsistency” may be due to different sources of bias 

in each scenario. 
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 Indirectness or lack of applicability of a given exposure or outcome is inconsequential, 

because untrustworthy results should not be used for extrapolation to other exposures or 

endpoints. 

 The precision or imprecision of an inaccurate estimate is meaningless. 

 Publication bias is a lesser concern than whether published results are incorrect. 

 A large magnitude of effect or an apparent dose-response trend cannot be trusted to 

reflect reality. 

 Residual confounding is simply one form of bias that can invalidate results and can 

contribute to a high risk of bias. 

 Studies of rare outcomes, if invalid, are uninformative. 

Thus, in the presence of a probably or definitely high risk of bias, it is unreasonable to rate the 

overall confidence in a body of scientific evidence as either high or moderate; confidence 

should be rated as low or very low, regardless of other factors that may increase or decrease 

confidence. 

This issue is directly relevant to NTP’s rating of overall confidence in experimental animal 

studies of antibody response for PFOA and PFOS, which in turn impacts NTP’s hazard 

classification of the immunotoxicity of these chemicals.  Specifically, NTP reports: “Half of the 

studies were rated probably high or definitely high risk of bias for exposure characterization 

(one of the Key Questions) due to use of PFOA <98% purity without independent confirmation.  

In addition, all of the studies in mammals were rated probably high risk of bias for lack of 

allocation concealment and lack of researcher blinding during the study.”  For PFOS, NTP 

states: “All studies were rated probably high risk of bias for outcome assessment due to lack of 

blinding of outcome assessors, one of the Key Questions.  In addition, all of the studies were 

rated probably high risk of bias for lack of allocation concealment and lack of researcher 

blinding during the study.” These ratings reflect what should properly be characterized as a low 

level of confidence in the animal evidence for an effect of PFOA or PFOS on the antibody-

mediated immune response.  Yet according to NTP’s confidence rating scale, the high risk of 

bias is balanced out by evidence of a dose-response trend for both PFOA and PFOS, leading to a 

final confidence rating of “high” for the animal evidence (Tables 12 and 20 of the Draft 
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Monograph). As stated above, an apparent dose-response trend based on invalid data is not 

interpretable; thus, it is not scientifically reasonable for evidence of a dose-response trend to 

counterbalance a high risk of bias, or for a high or even moderate level of confidence to be 

placed in data that are likely to be biased.   

If the animal data were more reasonably rated as having a low level of confidence due to the 

high risk of bias, then the final hazard conclusion regarding an effect of PFOA or PFOS on the 

antibody response, based on the moderate level of confidence in the human data and the low 

level of confidence in the animal data would be “suspected to be an immune hazard to humans,” 

rather than “presumed to be an immune hazard to humans.”  If, however, the animal data were 

rated as having a moderate level of confidence due to the high risk of bias, then the final hazard 

conclusion, taking into account the moderate level of confidence in the human data, would be 

“presumed to be an immune hazard to humans.” Thus, the subjective impact of a high risk of 

bias on the confidence rating for a body of evidence has important implications in terms of the 

overall hazard classification for PFOA and PFOS. 
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2. The hazard classification scheme gives undue weight 
to animal evidence in the absence of compelling 
human evidence.  

NTP’s classification of confidence in the evidence for an effect of PFOA on hypersensitivity 

(Table 17 of the Draft Monograph) reveals another major deficiency in NTP’s hazard 

classification scheme, namely, the undue weight given to the animal literature without 

supportive human literature for the evaluation of human health hazards.  According to the 

hazard classification scheme used by NTP (Figure 4 of the Draft Monograph), low or inadequate 

confidence in the human literature, combined with high confidence in the animal literature, is 

sufficient for an agent to be classified as having a “presumed” human health effect—the same 

category assigned to agents with moderate confidence in both the human and animal literature, 

or moderate confidence in the human literature and high confidence in the animal literature.   

The classification of a substance as “presumed” to be a human health hazard despite low or 

inadequate confidence in the relevant human evidence is inappropriate, regardless of the 

strength of the animal evidence.  This hazard classification means that in the absence of 

sufficient or valid human data, accrual of animal data is sufficient to establish a substance as a 

“presumed” human health hazard.  Yet numerous examples exist, as in the cases of thalidomide, 

saccharin, and untold numbers of new pharmaceutical compounds evaluated in early-phase 

clinical trials, where toxicity data in animals were found not to apply to humans.  Thus, a more 

appropriate classification of an agent based on low or inadequate confidence in the human data, 

combined with high confidence in the animal data—as in the case of the relationship between 

PFOA exposure and hypersensitivity—is as a “suspected” rather than a “presumed” human 

health hazard. 
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3. The human epidemiologic evidence on antibody-
mediated immune suppression is not consistent, 
contrary to statements by NTP.  

NTP claims that the human data on the association between PFOA or PFOS and antibody 

response are “consistent,” based on “suppression in at least one measure of the anti-vaccine 

antibody response across multiple studies.”  At the same time, NTP states that “different 

responses to different vaccines are expected and often observed in human and experimental 

animal data as antigens such as vaccines may stimulate different components of the immune 

system.  The strength of an antibody response in terms of antibody level and length of time that 

an elevated/effective antibody response is maintained is known to differ across vaccines.”  NTP 

acknowledges that only one vaccine, tetanus, was tested in more than one study, and that 

maternal serum PFOA and PFOS concentrations were not significantly associated with child 

anti-tetanus toxoid antibody levels in either study (Grandjean et al. 2012; Granum et al. 2013).  

If, as asserted by NTP, antibody responses are expected to differ by vaccine type, then each anti-

vaccine antibody level should be evaluated as a distinct outcome, unless a uniform or nearly 

uniform pattern of antibody suppression is detected across all vaccine types, which is not the 

case. 

Given the non-comparability of the particular vaccine types tested in each study and the 

heterogeneity of the associations detected—with the majority of associations tested in every 

study being statistically non-significant—the assertion that findings were “consistent” due to the 

detection of suppression of at least one measure of the anti-vaccine antibody response in each 

study amounts to cherry-picking of the literature.  That is, focusing on one or a few significant 

findings from each study, while ignoring the majority of findings that were null, does not 

constitute a balanced evaluation of consistency.  In fact, if antibody responses to different 

vaccines are considered as separate outcomes, then no significant association with any specific 

antibody response was observed in more than one study.  This is the opposite of consistency. 

NTP’s emphasis on selected statistically significant associations from each study is especially 

concerning when considered in light of multiple hypothesis testing and false positive rates.  That 
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is, some studies tested a large number of associations (Grandjean et al. 2012; Looker et al. 2014; 

Stein et al. 2016), thereby increasing the expected number of statistically significant 

associations that would be expected by chance.  Conversely, other studies included a relatively 

small number of subjects (Granum et al. 2013; Kielsen et al. 2016; Stein et al. 2016), thereby 

increasing the false positive rate, i.e., the probability that any observed statistically significant 

association is due to chance (Button et al. 2013).  Moreover, multivariate regression models 

based on sparse data are known to be prone to yielding overestimated relative risks that are 

biased away from the null, a phenomenon known as sparse-data bias or small-sample bias 

(Greenland et al. 2000; Sullivan and Greenland 2013).  The selective focus on isolated positive 

findings creates a distorted and misleading portrayal of the epidemiologic evidence (Kavvoura 

et al. 2007), thereby hindering proper interpretation of the overall consistency of results. 
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4. NTP does not adequately acknowledge the impact of 
potential confounding on the validity and 
interpretability of the available epidemiologic studies. 

Key potential confounders of associations between PFOA or PFOS and immune outcomes in 

humans are identified by NTP as including age, sex, race/ethnicity, smoking, body mass index, 

alcohol consumption, variables that represent socioeconomic status, and exposure to other 

known or suspected immunotoxicants, such as polychlorinated biphenyls (PCBs) and other 

potentially immunomodulatory perfluoroalkyl acids (PFASs).  NTP acknowledges: 

There may be limited ability to differentiate effects of PFOA or PFOS from 

other PFASs given that there is likely to be co-exposure with other PFASs and 

there may be similar immunomodulatory effects of the different PFASs (e.g., 

suppression of the antibody response as discussed above).  Therefore, unless a 

study controlled for other PFASs, studies were rated probably high risk of bias 

in accounting for potential confounders and modifiers because of the limited 

ability to differentiate effects of PFOA or PFOS from other PFASs. 

Of the five independent studies of PFOA or PFOS with respect to antibody response (Grandjean 

et al. 2012 (with Mogensen et al. 2015); Granum et al. 2013; Looker et al. 2014; Kielsen et al. 

2016; Stein et al. 2016), only one (Mogensen et al. 2015) controlled for potential confounding 

by other PFASs.  Mogensen et al. (2015) evaluated confounding by other PFASs in the 

associations between child PFOA or PFOS levels at age 5 years and antibody responses at age 7 

years, and they found that associations with each PFAS were attenuated after mutual 

adjustment.  However, they did not control for other PFASs when estimating associations with 

maternal PFOA or PFOS levels, or with antibody responses age at 5 years.  The same study 

(Grandjean et al. 2012) was also the only one to control for PCBs (although results did not 

reveal an apparent confounding effect).  Therefore, all of the studies should have been rated as 

being at probably high risk of bias due to confounding.  In fact, NTP explicitly stated that 

Grandjean et al. (2012), Granum et al. (2013), and Kielsen et al. (2016) were rated as being at 

probably high risk of bias due to confounding by other PFASs.  Stein et al. (2016) was initially 
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classified by NTP as a study with low confidence due to its cross-sectional design, and it was 

not further down-graded for risk of bias due to inadequate confounder control.  NTP stated that 

it did not downgrade Looker et al. (2014) for being at high risk of bias due to potential 

confounding because of the high concentrations of PFOA in this population and the lack of an 

observed association with PFOS, with the implication that confounding by other PFASs was not 

a problem in this study population.  However, this reasoning overlooks the facts that PFASs 

other than PFOS were not measured in this population, that low levels of other PFASs can just 

as readily confound associations with either low or high levels of PFOA, and that other potential 

immunotoxicants or their surrogates, such as PCBs, dioxins, and furans, were not measured and, 

therefore, not accounted for as potential confounders.   

Moreover, among the key potential confounders identified by NTP, Grandjean et al. (2012) also 

did not report having considered maternal alcohol consumption, maternal body size, or 

socioeconomic status as potential confounders; Granum et al. (2013) apparently did not consider 

maternal alcohol consumption; Kielsen et al. (2016) apparently did not consider smoking, body 

size, alcohol consumption, or socioeconomic status (although this small study of 12 subjects had 

limited capacity for confounder control); and Stein et al. (2016) apparently did not consider 

alcohol consumption or socioeconomic status.  None of the studies except Stein et al. (2016) 

controlled for race/ethnicity, but those other studies were set in populations that were unlikely to 

have substantial racial/ethnic heterogeneity.   

Thus, any of the observed associations with PFOA or PFOS in the available epidemiologic 

studies of antibody response could be spurious findings due to confounding by other PFASs, 

other potential environmental immunotoxicants, or various uncontrolled sociodemographic or 

lifestyle factors. The high risk of bias due to confounding translates into low certainty that the 

results of these studies are valid.  At a basic level, observed associations cannot confidently be 

attributed specifically to PFOA or PFOS.  In combination with the inconsistency of results 

across studies, discussed above, the high potential for confounding should contribute to a rating 

of “low confidence,” rather than “moderate confidence” as rated by NTP, in the epidemiologic 

evidence for a suppressive effect of PFOA or PFOS in the antibody response. 
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5. Decrements in antibody-mediated immunity do not 
necessarily correspond with an increased risk of 
infectious disease. 

None of the epidemiologic studies of antibody response demonstrated an increased risk of 

clinically recognizable infectious diseases as a consequence of a diminished antibody response.  

Other epidemiologic studies that explicitly examined associations of PFOA or PFOS exposure 

with infectious disease outcomes yielded inconsistent and mostly null results (Tables 13, 14, and 

21 of the Draft Monograph; reviewed by Chang et al. 2016).  Moreover, three of the five studies 

of antibody response examined adolescents or adults who largely had already been immunized 

against the antigens of interest prior to the immunization event under study (Looker et al. 2014; 

Kielsen et al. 2016; Stein et al. 2016), further obscuring the clinical significance of differences 

in antibody titers. Thus, the clinical and public-health interpretation of findings from the 

antibody response studies is unclear.  Stein et al. (2016) acknowledged: “The clinical relevance 

of lower vaccine antibody concentrations at the levels we report – a 13% decrease for rubella 

with a doubling of PFOS concentration – is uncertain, particularly because this finding was 

among a subset of children who had antibody levels high enough to be considered protected 

against disease.”   

NTP acknowledges: “It is unclear if this level of antibody reduction would affect the immune 

response to a viral or bacterial challenge for these individuals.” Nevertheless, NTP states that 

“any lowering of the antibody response may be considered adverse on a population level such 

that individuals with lower antibody levels may be less able to mount a defense against viruses 

or bacteria (WHO 2012)” (emphasis added).  Such an adverse clinical effect, however, remains 

speculative. As expressed by a clinical immunologist, “if an abnormality is noted but it does not 

predict disease, then at best time and money are wasted, and at worst a patient is informed 

erroneously that he or she is sick or will get sick when this is not true, thereby breaking the rule 

of ‘primum non nocere’ – above all do no harm” (Chang et al. 2016).  Thus, whether a 

subclinical decrement in the antibody response, at the degree observed in these studies, 

represents a true “adverse health effect” remains debatable.   
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6. Conclusions 

In summary, the hazard classification scheme used by NTP underplays the importance of a high 

risk of bias in invalidating scientific results, and it also underappreciates the potential impact of 

confounding on the reported association between PFOA or PFOS exposure and antibody 

response in humans.  At the same time, NTP overvalues animal evidence in the presence of 

weak human evidence, and it exaggerates the consistency of results from the few available 

epidemiologic studies of antibody response.  The net effect of these problems is the 

inappropriate classification of PFOA and PFOS as “presumed to be an immune hazard to 

humans.”  If NTP more appropriately downgraded the level of confidence in studies with a high 

risk of bias, including those susceptible to uncontrolled confounding, and if NTP more 

accurately characterized the inconsistency of the epidemiologic evidence on antibody response 

and the weak epidemiologic evidence on hypersensitivity, then the proper hazard classification 

of PFOA and PFOS would arguably be “suspected to be an immune hazard to humans.” 
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Ellen Chang, Sc.D.
Senior Managing Scientist

Epidemiology & Computational Biology

Menlo Park

(650) 688-6734

echang@exponent.com

Dr. Chang has 17 years of experience in designing, conducting, and interpreting epidemiologic studies,

with a particular focus on studies of cancer and other chronic diseases. She provides scientific

consultation on the potential human health effects of various chemicals (such as dioxins, chlorinated

solvents, pesticides, PCBs, and perfluoroalkyl and polyfluoroalkyl substances), air pollutants, metals

and metalloids, fibers, pharmaceuticals, medical devices, electromagnetic fields, and nutrients. She

has expertise in qualitatively and quantitatively synthesizing the weight of epidemiologic evidence on

causal effects of environmental exposures.

Dr. Chang’s recent projects include evaluations of the epidemiologic evidence on glyphosate, TCDD,

and perchloroethylene in association with non-Hodgkin lymphoma and other cancers; perfluoroalkyl

and polyfluoroalkyl substances in association with immune-related conditions; fine particulate matter

in association with all-cause mortality; and organophosphate insecticides in association with birth

and developmental outcomes. Dr. Chang also frequently conducts and coordinates analyses of cancer

incidence, mortality, and survival in population-based cancer registries.

Dr. Chang has led original research studies of cancers of the head and neck, nasopharynx, stomach,
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